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ABSTRACT  
New ruthenium (II) complexes, [Ru(DHZ)2(bpy)], [Ru(SCN)2(bpy)(DMSO)2], [Ru(SCN)2(dmbpy)(DMSO)2] and [RuCl2(salen)]-2, 
where bpy = 2,2'- bipyridine, DHZ = 1,5-diphenylthiocarbazone, dmbpy = 4,4'-dimethyl-2,2' bipyridine and salen = 2,2'- 
ethylenebis(nitrilomethylidene)diphenol were synthesized and characterized by elemental analysis, FTIR, UV-Vis spectroscopy and 
thermal analysis. From data of these investigations the structural formula and the mode of bonding were obtained. These complexes 
were successfully applied to sensitization of nano-crystalline TiO2 based solar cells (DSSCs). The photovoltaic efficiencies of the 
studied DSSCs increase  in the following order [Ru(DHZ)2(bpy)]< [Ru(SCN)2(bpy)(DMSO)2]< [Ru(SCN)2(dmbpy)(DMSO)2]< 
[RuCl2(salen)]-2. This increase is in agreement with the light harvesting of these complexes as indicated from their absorption spectra. 
Ferrioxalate complex enhanced the performance of some investigated cells. Therefore, a mechanism of this improvement has been 
postulated. Polyaniline as well as iodine doped polyaniline modified FTO electrode has been tested as promising counter electrodes. 
The efficiencies of the cells using iodine doped polyaniline is higher than that of polyaniline, which is assignable to the high 
conductivity of iodine. 
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1. INTRODUCTION 
Dye-sensitized solar cells (DSSCs) have attracted considerable attention in recent years due to the possibility of low-cost conversion of 
photovoltaic energy[1,2]. DSSCs possess four components: (i) dye sensitizer to harvest solar energy and generate excitons, (ii) 
nanostructure metal oxide material to transport electrons efficiently, (iii) redox couple, usually comprised of iodide/ triiodide (I-/I-3) to 
reduce the oxidized dye back to its neutral state and (iv) counter electrode to accept the positive charge from the redox electrolyte. The 
following reactions summarize the working principles of the cell in a lucid manner, where S refers to the sensitizer [3-5]: 
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Due to the non-toxicity, availability and low-cost characteristics, TiO2 has been the mostly preferred as the semiconductor for the 
photoelectrode. Although a lot of dyes have been tested and investigated, ruthenium complexes have proved to be the most effective 
consistently [6]. Therefore, we reported herein, the synthesis and characterization of some new ruthenium (II) complexes and study of 
their photovoltaic properties in DSSCs. Recently, nanostructured conducting polymers have been utilized as a potential catalyst for 
counter electrodes in DSSCs [7,8]. Among conductive polymers, polyaniline (PANI) is especially promising because its extremely low 
cost, good conductivity and good electro-catalytic activity [9-12]. Therefore, polyaniline prepared electrochemically (EC-PANI), 
polyaniline prepared chemically (C-PANI), iodine-doped polyaniline (I2-PANI) as well as graphite have been tested in our DSSCs. 
Independently, ferrioxalate complex has been used in order to improve the performance of the cells. 
2. EXPERIMENTAL   
2.1 Materials and methods 
All chemicals and solvents used were of analytical grade and used without any purifications. Fluorine-doped tin oxide substrate(FTO) 
(50mm x 50mm x 3 mm and with surface resistivity   ̴8Ω/sq was obtained from Sigma Aldrich.[RuCl2(DMSO)4][13] , 
[RuCl2(bpy)(DMSO)2] and [RuCl2(dmbpy)(DMSO)2] complexes [14,15] were prepared according to the previously published work. 
2.2 Synthesis of complexes 
[Ru(DHZ)2(bpy)] was synthesized by adding an ethanolic solution of dithizone (0.106gm,0.413mmol) to an ethanolic solution of  
[RuCl2(bpy)(DMSO)2] (0.1gm,0.207mmol). The reaction mixture was stirred at reflux for 8h under nitrogen and reduced light. During 
the reflux, the color of the solution turned to dark violet. After cooling to room temperature, the mixture was filtered and the filtrate 
was concentrated under vacuum to   ̴5 ml. A dark violet precipitate is formed by adding  diethyl ether. The precipitate was filtered off, 
washed several times with diethyl ether and dried at 600C. (Calculated for RuC36 N10S2O1.5H33 ,FW = 794.929: C = 54.39,N = 17.62,S 
= 8.07,H = 4.19 %. Found: C = 50.88, N = 16.12, S = 6.30, H = 6.40 % ). 
 [Ru(SCN)2(bpy)(DMSO)2] was synthesized by adding an ethanolic solution of NH4SCN (0.017gm, 0.22mmol) to well stirred solution 
of [Ru(bpy)Cl2(DMSO)2] (0.0534gm, 0.11mmol) in ethanol. The reaction mixture was refluxed under nitrogen and reduced light for 
8h. During the reaction, the color of the mixture turned from orange to brown. After cooling to the room temperature, a brown  
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precipitate  was formed, filtered off, washed several times with ethanol and finally dried at 60 °C. (Calculated for RuC16N4S4O2H20, 
FW = 529.692 : C = 36.28, N =10.58, S = 24.196, H = 3.8%.  Found: C = 35, N =12.16, S = 21.3, H = 3.50%. 
[Ru(SCN)2(dmbpy)(DMSO)2] was synthesized by adding  an ethanolic solution of NH4SCN(0.07gm, 0.91mmol) to a well stirred 
solution of [RuCl2(dmbpy)(DMSO)2] (0.2138gm, 0.453mmol) in ethanol. The reaction mixture was refluxed under nitrogen and 
reduced light for 8h. During the reflux, the color turned from orange to brown. After the completion of the reaction, the solution is 
cooled to room temperature, the formed precipitate is filtered off, washed with ethanol several times and dried at 600C. (Calculated for 
RuC18N4O2S4H24 , FW = 557.746 : C = 38.76, N = 10.05,S = 22.99, H= 4.34%.  Found: C= 37.338, N = 11.6, S = 21.063, H = 3.83%). 
 [RuCl2(salen)]-2 was synthesized by adding a methanolic solution of  salen (0.166gm, 0.62mmol) to [RuCl2(DMSO)4] (0.3gm, 0.62 
mmol) dissolved in CH2Cl2. The reaction mixture was stirred for 30 minutes at room temperature to get a clear solution. The mixture is 
refluxed for 10h under nitrogen atmosphere and reduced light. The reaction mixture is cooled to room temperature, filtered and the 
filtrate was evaporated to dryness, the residual solid was dissolved in CH2Cl2. A green precipitate formed by the addition of hexane 
was filtered off, washed with hexane several times and finally dried at room temperature. 
Calculated for RuC16N2O7Cl2H26, FW = 530.09 : C = 36.25, N = 5.28, H= 4.94 %.  Found: C= 37.17, N = 5.54, H = 5.35 %). 
2.3 Preparation of polyaniline modified FTO electrode 
C-PANI was prepared according to previously published work[16-20]. Accurately,  0.5gm of aniline-HCl was dissolved in 15ml of 
distilled water(solution A) and 1.5gm of ammonium persulphate was dissolved in 15ml of distil-water (solution B), the two solutions 
A and B were stirred for 1h and then solution B was added to solution A drop wise and stirred for 1h,  then the solution is kept to 
complete polymerization. FTO electrode was immersed in the polymer solution for one day. The polymer attached to the 
nonconductive side  of FTO was removed. Finally, the electrode was dried at 60ºC. The prepared polymer was characterized by X-ray 
diffraction (XRD) and Fourier transient infrared (FT-IR).  
The electrodeposited polyaniline (EC-PANI) was prepared according to previously published papers [7,17] with slight modification. 
FTO acted as a working electrode in three electrode system (a platinum as a counter electrode and Ag/AgCl as a reference electrode) 
on an electrochemical station (Autolab PGSTAT302F, Metrohm UK, and Ireland). The anodic deposition was controlled in a solution 
containing 0.3ml of aniline and 0.5ml of HCl (37%). The EC-PANI was prepared by controlling the number of cycles (72) with a 
potential range from 1 V to -0.3 V and a scan rate of 0.05 V/S, the resulting electrode was washed with distilled water and dried at 60 
°C.  
2.4 Preparation of iodine doped polyaniline (I2-PANI) 
Iodine doped PANI (I2-PANI) counter electrode was prepared by immersing the PANI prepared chemically electrode in a solution of 
iodine in acetonitrile (10-3M) for 6 h according to previously reported work [21-23]. 
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2.5 Fabrication of DSSCs 
Fluorine doped tine oxide glass (FTO) was cut into pieces of 2.5 cm x 2.5 cm size and cleaned [32].The photoanode was prepared by 
taking 200µLof TiO2 paste and spin coated with speed 1500rpm for 50 seconds, then the substrate was heated at 80ºC and calcined for 
60 min at 500°C. The photoanode is then immersed in a solution of 1x10-4 M sensitizers for 24h. For studying the effect of the addition 
of K3[Fe(C2O4)3], the photoanode is immersed in a solution of 1x10-4M of both Ru complexes and iron complex. The DSSC was 
assembled by sandwiching the electrolyte (0.5M of KI and 0.05M of I2 in ethylene glycol) between photoanode and counter electrode. 
The current-voltage characteristics of the DSSCs were measured using solar simulator with an AM1.5 spectral filter, and the intensity 
was adjusted to 1 sun(100 mW/cm2)using calibrated cell. The output current and voltage were measured using a multimeter in the 
presence of variable resistance. The active surface area of the developed cell was 2.56cm2. 
2.6 Instruments and measurements 
The elemental analysis of the sensitizers was obtained using Elementar Vario EL C.H.N.S analysis system Gmblt Donaustr-7-D-63452 
Hanau. The Fourier transient infrared(FT-IR) of  prepared complexes was monitored using Nicolet 6700 FT-IR. . The corresponding 
spectra of the sensitizers were obtained using UV-visible spectrophotometer (Perkin Elmer instrument(Lambada 35 UV/Vis 
spectrometer)). The thermal analysis was obtained using DTG-60H, simultaneous DTA-TG apparatus, Shimadzu DSSCs cells were 
irritated by the solar simulator(ARC lamp power supply model 69920) with incident light intensity 100mW/cm2, which was calibrated 
with Si cell(Oriel instruments, Stratford, CT.U.S.A, model 91150V). The output current and voltage from the cell were measured using 
a digital multimeter. 
3. RESULTS AND DISCUSSIONS 
The synthesis of the precursor complex [RuCl2(DMSO)2] was achieved as a yellow precipitate by the action of microwave on a 
solution of RuCl3 in DMSO at 135 °C as previously reported [13]. The reactions of this yellow complex with the corresponding ligand 
yield the studied complexes through the substitution of DMSO or Cl- as illustrated in scheme 1. 
3.1 FTIR and electronic spectra 
The FTIR spectroscopy has been shown to be a powerful tool to give structural information about the complexes. Figure 1 shows the 
typical I.R spectra of the studied complexes in range 4000-500 cm-1.  The characteristic vibrational frequencies of [Ru(DHZ)2(bpy)] 
have been identified by comparing the peaks of  the complex with that of the free ligands (Fig. 1a). The strong band at 1438 cm-1 
assigned to ν-(N=N) in the free dithizone is shifted to 1444 cm-1 in the complex; also, the two bands assigned to ν-(C=S) and ν-(C=N) 
were shifted from 891 cm-1 and 1589 cm-1 to 763 cm-1 and 1596 cm-1, respectively indicating the coordination of dithizone with 
ruthenium[24]. The coordination of ruthenium with 2,2'-bipyridine is indicated by the shift of the two characteristic bands of free 2,2'-
bipyridine from 1578 cm-1 and 1557 cm-1 to 1520 cm-1 and 1500 cm-1, respectively in the complex[25,24]. Finally, the disappearance 
of the two characteristic bands of ν-SO at 1091cm-1 and 1013 cm-1 for DMSO indicate the complete substitution of DMSO[26].    
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The FTIR of the complexes [Ru(SCN)2(bpy)(DMSO)2] and [Ru(SCN)2(dmbpy)(DMSO)2] are shown in  Fig. 1 (b,c), which show 
nearly the same peaks for the two complexes due to the similarity in their structures. The spectrum shows an intense and sharp peak at 
2107 cm-1, which is assignable for coordinated SCN in the complex [27,24,28]. The coordination of ruthenium with 2,2'-bipyridine is 
clarified by the shift of characteristic peaks for the free 2,2'-bipyridine from 1578cm-1, 1557cm-1 to 1464cm-1, and 1445cm-1 in 
[Ru(SCN)2(bpy)(DMSO)2] and to 1558 cm-1,1540 cm-1 in [Ru(SCN)2(dmbpy)(DMSO)2], which indicate the coordination of 2,2'-
bipyridine[25,24]. Finally, the presence of coordinated DMSO in the complex is indicated by the presence of two characteristic peaks 
for SO at 1088cm-1 and 1013cm-1 of DMSO[26]. 
 Fig. 1 (d) demonstrated the I.R of [RuCl2(salen)]-2. The complexation of salen ligand with ruthenium is proved by the shift in ν-C=N 
peak from 1636 cm-1 for the free salen to 1597 cm-1. The two peaks at 681 cm-1 and 425 cm-1 are attributable to the binding of 
ruthenium with N and O, respectively[29,28].  
 
The UV-Vis absorbance spectra of the studied complexes were recorded at room temperature using ethanol or DMF as a solvent and 
are shown in Fig. 2 and the assignments of the bands are reported in table 1[29-33].  
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                                                   Table 1 UV-Vis spectroscopic data of complexes. 
 
Complex                                      max(cm
-1)          ε*(103) (L cm-1 mol-1)              Assignment 
 
 
[Ru(DHZ)2(bpy)]                          20283                        12.6                      (dithizone)     
                                                     34482                          27.6                              Intra-ligand 
[Ru(SCN)2(bpy)(DMSO)2]          19801                          2.7                                MLCT 
                                                     34246                         31.3                               Intra-ligand 
[Ru(SCN)2(dmbpy)(DMSO)2]     19880                         2.4                                 MLCT 
                                                     34129                         29.5                               Intra-ligand 
 [RuCl2(salen)]
-2                          15384                         1.1                                 MLCT 
                                                      37037                        22.1                              Intra-ligand 
 
300 400 500 600 700 800 900 1000
0.0
0.1
0.2
0.3
0.4
A
b
s
o
rb
a
n
c
e
(a
.u
.)
wavelenght(nm)
 [RuCl2(Salen)]
-2
 [Ru(bpy)(DMSO)2(SCN)2]
 [Ru(dmbpy)(DMSO)2(SCN)2]
 [Ru(bpy)(DHZ)2]
 
 
Fig. 2 UV-Vis spectroscopy of the studied complexes. 
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Fig. 1 FTIR of (a) [Ru(DHZ)2(bpy)], (b)[Ru(SCN)2(bpy)(DMSO)2],  
(c)[Ru(SCN)2(dmbpy)(DMSO)2] and (d) [RuCl2(salen)]
-2. 
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3.2 Thermal behavior 
The thermal behavior of the studied complexes was carried out within the temperature range from room temperature up to 1000 °C on 
a dynamic air atmosphere using thermogravimetric analysis (TGA) and differential thermal analysis (DTA). The observed mass losses 
are based on the TG results, and the calculated mass losses are based on the molecular weight of the proposed formula. The TG curve 
of [Ru(DHZ)2(bpy)].1.5 H2O (Fig. 3 a) shows three steps of decomposition. The first step at 38-216 °C corresponds to the loss of 1.5 
water molecules of hydration (calc. 3.4 %, found 3.31 %). The anhydrous complex decomposes in a major stage consisting of three 
steps corresponds to the stepwise decomposition of the complex ended with oxide formation. The percentage weight of the residue 
agrees well with the RuO2 formation (calc. 16.75 %, found 17.12 %). The [Ru(SCN)2(bpy)(DMSO)2] complex was found to 
decompose in three steps (Fig. 3 b), associated with the stepwise decomposition of the complex. The residue may belong mostly to 
RuS2 (calc. 31.19 %, found 30.81 %). This result in agreement with the decomposition of some ruthenium complexes [34,35]. The 
formation of sulfide residue rather than oxide could be attributed to the high sulfur content of the complex under investigation. The 
[Ru(SCN)2(dmbpy)(DMSO)2] complex was found to decompose in three steps with the temperature range 20-400 °C. The residue 
percentage corresponding to RuS2 formation (calc. 29.62 %, found 29.73 %) as the above-mentioned complex. The TG curve of 
[RuCl2(salen)]-2.5H2O exhibits three steps. The first step in the temperature range 29-216 °C, corresponding to the evolution of five 
water molecules (calc. 17.05 %, found 16.46 %). The major step (58.75 %) occurs within the temperature range 220-400 °C 
corresponding to un-assignment ligand decomposition. The weight loss percentage of the residue could be assigned to a mixture of the 
ruthenium oxide and metallic ruthenium.  
 
 
 
 
 
 
 
Based on the above arguments the chemical structures as shown in Fig. 4 are suggested for the prepared complexes. 
3.3 Photovoltaic performance of the studied DSSCs 
The performance of a solar cell is defined by several parameters: open-circuit voltage (Voc), short-circuit current density (Jsc) and fill 
factor (FF). The output efficiency (%Ƞ) calculated using the following equations: 
Fig. 3 TGA and DTA curves of (a)[Ru(DHZ)2(bpy)] and (b) [Ru(SCN)2(bpy)(DMSO)2] complexes. 
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where Voc, is the maximum voltage obtained at zero current; Jsc is the short-circuit current which is the maximum current obtained 
under less resistance (short-circuit) conditions, Pin is the solar incident power= (100mW/cm2) (one sun = 1.5 A.M) and Pmax is the 
maximum power generated from the cell (P max =Imax ×Vmax). 
 
 
 
 
 
 
 
 
The photocurrent density –voltage curves of the DSSCs using ruthenium complexes under investigation are given in Fig. 5 (using I2-
PANI) as a counter electrode. The results are recorded under A.M 1.5G simulated sun light at a light intensity 100mW/cm2. The data 
are given in details in table 2 The photovoltaic efficiencies of used sensitizers increase in the following order 
[Ru(DHZ)2(bpy)]<[Ru(SCN)2(bpy)(DMSO)2]<[Ru(SCN)2(dmbpy)(DMSO)2]< [RuCl2(salen)]-2. 
                Table 2 Photovoltaic parameters of the studied DSSCs of the complexes using I2-PANI as a counter electrode. 
  
Complex                                  Jsc(µA/cm2)       Voc(mV)     %ƞ(10-4)          FF   
 
 [RuCl2(Salen)]-2                           16.4                125                8.3                 0.405                  
[Ru(SCN)2(dmbpy)(DMSO)2]       13.7                101               4.84                0.35 
[Ru(SCN)2(bpy)(DMSO)2]             15.2                85.5             4.79                0.369 
[Ru(DHZ)2(bpy)]                            15.6                73.4              3.7                 0.325 
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Fig. 5 J-V curves of DSSCs of the studied complexes 
using I2-PANI as a counter electrode. 
 
Fig. 4  Proposed structures of the studied complexes; (a) 
[Ru(DHZ)2(bpy)], (b) [Ru(SCN)2(bpy)(DMSO)2],  (c) 
[Ru(SCN)2(dmbpy)(DMSO)2] and (d) [RuCl2(salen)]
-2. 
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These results are in agreement with the light harvesting of the complexes as 
shown in their absorption spectra (Fig. 2); except in the case of 
[Ru(DHZ)2(bpy)], which shows an intense visible absorption band at 290 nm and 
493 nm  (table 1). This absorption is associated with the delocalized electronic 
system of the dithizone ligand [36]. The presence of this delocalization may be 
responsible for the low efficiency exhibited by the dithizone complex, the 
presence of such low laying energy level  may enhance the deactivation of the 
excited state formed upon light absorption and consequently competes with the 
electron injection to the conduction band of TiO2 (reaction 2) as explained in Fig.6.  
  The low cell performances obtained (table 2) may result from the relatively poor interconnection between the nanocrystalline TiO2 
(reaction  2) and sensitizers under investigation. This poor interconnection is associated with the absence of any anchoring group in the 
complex, like the carboxylic or phosphonic group, which is the most decisive factors in bringing the relative orientation of energy 
level of donor and acceptor during the attachment on the metal oxide, which leads to increase the electron injection efficiency. 
Sensitizers also show slower electron injection or self-quenching if they undergo aggregation, which can be encountered either before 
or during processing of dye adsorption onto metal oxide. 
3.4 Effect of addition of K3[Fe(C2O4)3]  
Additives play a  central  role in the enhancement of photoelectrochemical performance  
of DSSCs. Most additives are understood at the fairly phenomenological level, and 
their effects are often attributed to modification of redox couple potentials band shifts of 
the semiconducting electrode material, effect of surface blocking or surface dye 
organization [37]. 
Our investigations on the effect of the addition of K3[Fe(C2O4)3] complex demonstrated an 
increase in cell performance in case of  [Ru(DHZ)2(bpy)] (Fig. 7 and table 3). This 
enhancement effect can be attributed to two roles: firstly, the addition of this ferrioxalate complex to the ruthenium complex leads to 
increase in the light absorption, assignable to the formation of charge transfer (CT) complex of ferrioxalate complex and ruthenium 
complex as indicated by the development of a new absorption of their mixture (Fig. 8).  
The formation of such CT complex leads to increase the light –harvesting capability of the cell, giving rise to increasing the efficiency 
of the cell. Secondly, light excitation of K3[Fe(C2O4)3] leads to a photolysis of this complex, as a result of ligand-metal charge transfer 
(LMCT) according to the following photoreactions:  
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Fig. 7 J-V curve of DSSCs of [Ru(DHZ)2(bpy)] in 
absence and in presence of       K3[Fe(C2O4)3] using 
C-PANI as a counter electrode. 
 
Fig. 6 Radiationless deactivation of the excited state in 
case of [Ru(DHZ)2(bpy)]. 
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Table 3 Effect of addition of [K3[Fe(C2O4)3] on the photovoltaic parametersof DSSCs of [Ru(DHZ)2(bpy)] using C-PANI as a 
counter electrode. 
 
Complex                                                Jsc(µA/cm2)     Voc(mV)        % ƞ (10-4)        FF   
 
[Ru(DHZ)2(bpy)]                                             9.8                48.4             1.47           0.31 
[Ru(DHZ)2(bpy)]+ferrioxalate complex        47.3                198             35.5            0.38 
 
The formed oxalate radical, which is confirmed by electron paramagnetic resonance [38]  adds another route in the reduction of the 
oxidized sensitizer to its neutral state; this is of course, beside the role of I-/I3-couple as shown in the scheme (2). 
 
 
 
 
 
 
It is well known that electron injection from the sensitizer into the TiO2 typically happens in femtosecond to picosecond time scale 
whereas charge recombination in the microsecond to millisecond time scale [39]. The reduction of oxidized sensitizer molecules 
occurs in the ms or µs range, which in by several orders of magnitude slower than injection rate. Also, the transient state formed by 
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Fig. 8 UV-Vis spectroscopy of [Ru(DHZ)2(bpy)] in 
absence and in presence of  K3[Fe(C2O4)3]. 
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light absorption of K3[Fe(C2O4)3] was found to reached its maximum intensity 2.6 ps after excitation then remains constant for at least 
4ns [40]. Upon comparison of the times mentioned above, it is clear that the ferrioxalate complex will play an enhancement effect of 
the performance of the DSSCs if there is a good interaction between it and the sensitizer. Therefore, this point will be subject to further 
investigations in the future. Specially, we have recently proved an enhancement effect of this ferrioxalate complex on the photo 
colorization and photodegradation of an azo dye through UV/H2O2 advanced oxidation process [41].    
In case of the complexes [Ru(SCN)2(bpy)(DMSO)2], [Ru(SCN)2(dmbpy)(DMSO)2], and [RuCl2(salen)]-2, the addition of ferrioxalate 
complex to their solutions lead to no improvement of their cell performances ( as indicated by J-V curve (Fig. 9) and reported 
photovoltaic parameters (table 4) for [RuCl2(salen)]
-2 as representative example). This results can be attributed to the poor electronic 
interaction between these complexes and the iron complex, as indicated by the absence of any new absorption of their mixture (Fig. 
10), in contrast to the results of the above-mentioned examples 
 
 
 
  
 
 Table 4 Effect of addition of [K3[Fe(C2O4)3] on the photovoltaic parameters of DSSCs of [RuCl2(salen)]
-2 using C-PANI as a 
counter electrode. 
 
Complex                                                    Jsc(µA/cm2)    Voc(mV)   % ƞ (10-4)    FF 
 
 [RuCl2(salen)]-2                                          13.7                157               7.74           0.36 
 [RuCl2(salen)]-2 + ferrioxalate complex    12.9                133                 5.5            0.32 
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Fig. 9 J-V curve of DSSCs of [RuCl2(salen)]
-2 in absence 
and in presence of  K3[Fe(C2O4)3] using C-PANI as a 
counter electrode. 
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Fig. 10 U.V-Vis spectroscopy of [RuCl2(salen)]
-2 
in absence and in presence of  K3[Fe(C2O4)3]. 
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3.5 Effect of kinds of counter electrode 
In order to throw some light on the effect of kinds of counter electrodes, 
graphite, (EC-PANI), (C-PANI) and (I2-PANI) have been examined. The 
results, as shown in fig.11 and reported in table 5, which demonstrated that 
the efficiency of the cell consist of [RuCl2(salen)]
-2 as sensitizer increase in 
the following order: EC-PANI< graphite< C-PANI< I2-PANI. Upon comparison 
of (EC-PANI), (C-PANI), the nanofiber shape and porous structure for (EC-
PANI) is believed to a better electrocatalytic performance to I-/I3-electrolyte. 
However, the separation of polymer from FTO substrates offers a high 
interfacial resistance is an unfavorable factor for charge transportation. 
 Independently, cathodic reduction peak for (C-PANI) is higher than (EC-PANI), which means that electrocatalytic activity of (C-
PANI) is better than (EC-PANI)[17]. I2-PANI occupies the top position in the above series, which can be associated to the high 
conductivity of iodine doped in this polymer.  
         Table 5 The effect of kind of counter electrodes on the cell performance using [Ru Cl2(salen)]
-2 a photosensitizer.  
 
Counter electrode      Jsc(µA/cm2)       Voc(mV)      %ƞ(10-4)            FF 
 
I2-PANI                      16.4                      125                    8.3                0.405 
C-PANI                      13.7                      157                   7.7                 0.36 
 EC-PANI                     5                         97.9                  2.1                0.43 
Graphite                      7.93                     155.8                4.82               0.39 
 
4. Conclusion  
It is clear that the [RuCl2(salen)]
-2 complex showed the highest efficiency compared to other complexes, which is due to the good light 
harvesting ability of this complex as indicated from UV-Vis absorption spectra of complexes. By adding K3[Fe(C2O4)3] complex to the 
used complexes to improve their photovoltaic response, the efficiency of [Ru(DHZ)2(bpy)]+ K3[Fe(C2O4)3] system only increased by 
24 times compared to [Ru(DHZ)2(bpy)] system, while the other complexes efficiency decreased. This decrease in 
[Ru(SCN)2(bpy)(DMSO)2], [Ru(SCN)2(dmbpy)(DMSO)2], and [RuCl2(salen)]-2 efficiency is related to the poor electronic interaction 
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Fig. 11 J-V curves of DSSCs of [RuCl2(salen)]
-2 using different 
counter electrodes. 
 
I S S N  2 3 2 1 - 8 0 7 X  
V o l u m e  1 2  N u m b e r 5  
J o u r n a l  o f  A d v a n c e s  i n  C h e m i s t r y  
4425 | P a g e                                         c o u n c i l f o r I n n o v a t i v e R e s e a r c h 
A p r i l  2 0 1 6                                                                                                                        w w w . c i r w o r l d . c o m 
 
of these complexes and absence of any new absorption of their mixture. Finally, the I2-PANI counter electrode shows the highest 
efficiency compared to C-PANI, EC-PANI and graphite. This is due to the presence of doped iodine, which raises the conductivity of 
the PANI. 
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